Male ISprague-Dawley rats ingested 0, 20 ppm, or 500 ppm of acrylonitrile in drinking water for 2 years. Rats receiving 500 ppm of acrylonitrile exhibited early mortality and retarded weight gain. Tumors of Zymbal's gland were associated in dose-response fashion with acrylonitrile exposure. Age-associated incidence of pituitary adenomas containing immunoreactive proiactin was decreased in acrylonitrile-treated rats. A decrease in pituitary tumor incidence also was observed in rats treated with low doses of acrylonitrile, suggesting that reduction in this tumor frequency was not because of early death. No increases were found in tumors of other organ systems, but a trend toward deveiopment of forestomach papillomas was noted in rats receiving the highest concentration of acrylonitrile.
INTRODUCTION
ESPITE THE FACT THAT ACRYLONITRILE IS a widely used chemical in industry,"' few reports deal D with its chronic toxicity or possible carcinogenicity. Most of the studies describe its acute and subacute toxicity without attempting to identify target organs.(2-4J Administration of a single large dose OF acrylonitrile to rats has been shown to cause adrenocortical necrosis,(5 6 J and 60 days ingestion OF low doses of the chemical in drinking water decreased plasma corticosterone levels.(') Acrylonitrile affects blood levels of several pituitary hormones and probably also spermatogenesis.(81 Although epidemiological and clinical studies suggest that the liver might be a target organ of acrylonitrile," l o ) animal experiments have revealed no hepatotoxicity.(ll) Some reports revealed covalent binding of acrylonitrile to nucleic a~i d s "~-'~) and a mutagenic effect in certain in vitro assays. (15 16) Nevertheless, Maltoni et a1.,(l7) in their 1-year study of acrylonitrile aclministration to rats by gavage or inhalation, reported only "borderline" oncogenic effects. Acrylonitrile was included in a review and compilation of compounds implicated as environmental carcinogens (for gastrointestinal tract or An excess of colon and lung cancers was found in workers exposed to a~rylonitrile,('~) but no increased incidence of chromosome aberrations was detected in 18 other workers exposed to acrylonitrile for 15 years.(2o) Acrylonitrile was found to exhibit embryotoxicity or teratogenicity in rats when given orally or by inhalation(") but not in chicken eggs treated with the chemical.(2z)
The following study was undertaken to investigate the chronic effects of the ingestion of low doses of acrylonitrile on the incidence of tumors in rats.
MATERIALS AND METHODS
Eighty male Sprague-Dawley-derived CD rats (Charles River Labs., Wilmington, MA) were devided randomly into four experimental groups of 20 each. Rats were housed 6/cage in wire-bottomed cages with a 12 hr light-dark cycle and temperature controlled at 30°C. As the rats gained weight, more cages were added, reducing the numbers of animals per cage to 2 by the end of the experiment. Rats had unlimited access to Purina rat chow and tap water, to which was added acrylonitrile (Aldrich) in concentrations 0, 20 parts per million (ppm) (0.002%), 100 ppm (0.01%), or 500 ppm (0.05%). Dilutions were made weekly from concentrated stock solution, and water bottles were changed every other day.
At weekly intervals, the animals were weighed, and mean group body weights were tabulated. At intervals of 1 month, for periods of 1 week, food and water usages were measured daily and corrected for the number of rats/cage. Mean consumption was calculated for each group.
As animals died, complete necropsy was performed, including inspection of all major organs. Tissues exhibiting abnormalities grossly (as well as normal tissues from liver, stomach, adrenal, kidney, heart, brain, pituitary, and lung) were fixed in 4% neutral buffered aqueous formaldehyde (10% formalin), embedded in paraffin, sectioned, and stained with hematoxylin and eosin for histological examination. For immunocytological localization of prolactin, formalin-fixed and paraffin-embedded sections of pituitary were stained with the avidin-biotin-peroxidase complex (ABC) technique as described by Hsu et al.Iz3) At the end of 2 years, surviving animals were killed and necropsied as described previously.
Tabulations were made of animals exhibiting positive necropsy findings, and Chi-square and the Fisher-Yates exact probability tests were used to compare the frequencies observed to those expected for each group.Iz4) The group means of food and water intake were compared with unpaired two-tailed Student's ?-test.
RESULTS
The 2-year survival data of rats receiving acrylonitrile in drinking water at concentrations of 0, 20, 100, and 500 ppm, respectively, are presented graphically in Figure 1 . Animals receiving the highest concentration of acrylonitrile (0.05%, or 500 ppm) had accelerated mortality, and the last rats from this group died just before the 2-year terminal killing. Survival in the control group and in animals ingesting 20 ppm or 100 ppm acrylonitrile was similar.
The average food and water consumption for the four experimental groups, expressed as the weight of food (g) or volume of drinking water (ml) consumed per 100 g of body weight per day, is shown in Table 1 . No statistically significant differences in food and water intake were present, but one can observe a trend toward decreased water consumption in animals ingesting 500 ppm acrylonitrile.
The average body weight (Fig. 2) of the control and 20 pprn groups was virtually identical in the course of the experiment. The average body weights of the animals receiving 100 ppm or 500 ppm of acrylonitrile showed a slower increase than controls in the first year of the study and a greater decrease than the control group during the second year.
The necropsy results revealed no tumors in the heart, brain, liver, lungs, kidneys, adrenals, or 12 16 20 24 Time (months)
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Average body weight (g) of control rats and rats ingesting three different concentrations testes of experimental or control animals, with the exception of a few primary or metastatic tumors as noted below. Table 2 shows all the organs involved with primary tumors and the number of animals from each group with primaries at each site. The only lesions that could be related in dose-response fashion to acrylonitrile exposure were those found in the forestomach, pituitary, and Zymbal's gland.
Papillomatous proliferations of the squamous epithelium of the forestomach were observed in 4 animals receiving 500 ppm of acrylonitrile ( Fig. 3) . Although one specimen from a single animal exhibited cytological atypia (e.g., disorderly maturation, reversal of nucleus/cytoplasm ratio, nuclear hyperchromatism), invasion of the submucosa by proliferating epithelium was not seen.
Zymbal's gland is a modified sebaceous gland found in the wall of the ear canal in rodents ( Fig.  4 ). Zymbal's gland tumors (Figs. 5 , 6) were associated with acrylonitrile exposure in a dose-related manner ( Table 3) . These tumors were seen only in animals receiving 100 or 500 ppm of acrylonitrile. All of these lesions were centered around the ear canal, and most were locally destructive and histologically poorly differentiated squamous carcinomas with numerous abnormal mitotic figures (Figs. 5, 6) . One metastatic lesion that morphologically resembled the primary tumor was observed in the lung. In some cases, growth of the tumor restricted mouth opening and contributed to the death of the animal.
Pituitary adenomas (Fig. 7) were found in 5 of 18 control (5/18) animals (28%). The incidence decreased among the animals receiving increasing concentrations of acrylonitrile ( Table 4 ). These tumors expanded locally but were not noted to be invasive or metastatic; however, they were a major cause of mortality among control and low-dose groups. Although cytological atypia was often pronounced (Fig. 8) , in the absence of other features of malignancy, it was clear that these lesions represented benign neoplasms. In some adenomas, multinucleated giant cells were seen ( Fig.  9) . Immunocytological staining using the ABC technique revealed the presence of prolactin in the cytoplasm of several scattered adenoma cells (Figs. 10, 11 ).
DISCUSSION
The results presented here reveal that in groups of rats ingesting 0, 20, 100, or 500 ppm of acrylonitrile in drinking water for 2 years, body weight gain was consistently retarded and mortality was slightly accelerated only by 500 ppm of acrylonitrile. Nevertheless, there was a dose-dependent increase in the incidence of tumors of Zymbal's glands. The occurrence of age-dependent pituitary adenomas was, on the other hand, dose-dependently suppressed. The overall incidence of tumors in control and acrylonitrile-treated rats, however, was not different in a statistically significant manner ( Table 5 ) .
In other published reports, a 1-year acrylonitrile exposure produced only "borderline" oncogenic effect.'") Quast et al. (25) carried out a 2-year study on the effects of acrylonitrile administration in the drinking water (0, 20, 100, and 500 ppm) in rats and reported in an abstract the finding of significantly retarded growth and decreased longevity "at all dose levels." Increased tumor incidence was noted (dose not specified) in the central nervous system and in the stomach, as well as in Zymbal's gland, tongue, small intestine, and breast. Decreased numbers of tumors of pituitary, thyroid, adrenal, pancreas, and uterus were found in treated groups. The duodenal ulcerogenic effect of acrylonitrile in acute experiments was potentiated by pretreatment with inducers of microsomal enzymes, such as polychlorinated biphenyls or phenobarbital. (26' The acute inflammation noted in the forestomach in those studies, however, was not modified by the enzyme inducers. Zymbal's gland, a modified sebaceous gland in the ear canal of rodents, possesses significant cytochrome P-450 activity and is a target for certain systemically administered car-cinogen~.'~') No such high enzyme activity has been described in other sebaceous glands, such as the preputial gland. This might be in correlation with the lack of preputial gland tumors in rats ingesting acrylonitrile. The increased incidence of Zymbal's gland tumors in rats exposed to chronic doses of acrylonitrile suggests that an enzymatically catalyzed activation step is required for acrylonitrile tumorigenicity. Absence of hepatic tumor formation in the same animals may not be paradoxical, since the liver possesses, in addition to cytochromes, a variety of mechanisms for detoxication of potentially damaging chemicals (e.g., glutathione-S-transferase, epoxide hydratase, and nonenzymic antioxidants). The lower incidence of pituitary tumors in acrylonitrile-treated rats is an interesting finding. Decreased mortality among the high-dose animals probably contributes to the apparent protective effect noted in that group by prematurely reducing the number of animals at risk. Most of the rats with pituitary adenomas in the other groups died between 16 and 22 months. This, however, together with the dose-response relationship noted in Table 4 , suggests that the effects observed are not simply due to attrition among the acrylonitrile rats. The high-dose rats dying during that period were examined microscopically for tumors, and none were found. In old Sprague-Dawley rats, 79% of females developed pituitary adenomas, the majority of which were prolactinomas.
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TUMOR INCIDENCE AND ACRYLONITRILE IN RATS
The age-associated spontaneous tumors were proposed to serve as an animal model of human disease, since the hormone content and morphological appearance of animal and human tumors were similar. Like acrylonitrile in the present study, lisuride decreased the spontaneous pituitary tumors in Sprague-Dawley rats. Prolactin immunopositivity is evident in scattered adenoma cells. Immunoperoxidase earlier that a single intravenous dose of acrylonitrile increased concentration of dopamine but not that of epinephrine in the rat adrenals. ( 5 ) Prolonged administration of acrylonitrile might have similar effects on brain or pituitary where elevated levels of dopamine might exert beneficial effects similar to that of bromocriptine.
In this study a trend toward epithelial proliferation in the forestomach was noted. This area of stomach is lined with stratified squamous epithelium in rodents and is similar to esophageal mucosa. Although in the fasting animal liquids travel rapidly through esophagus and stomach, the storage of semisolid gastric contents in the forestomach presumably increases the time available for TUMOR INCIDENCE AND ACRYLONITRILE IN aChi-square analysis. There are no statistically significant differences between treated groups and controls. direct exposure. The relatively low incidence of gastric papillomas and the fact that they occurred only in the high-dose group suggest that the oncogenic effect of acrylonitrile in the upper gastrointestinal tract of rodents is of a low order. The possibility remains that different doses, routes of adminiktration, or exposure to tumor-inducing or -promoting substances might potentiate the effect of acrylonitrile.
The conclusions drawn from these investigations are as follows. Ingestion of up to 100 ppm of acrylonitrile in drinking water for 2 years did not increase mortality in rats. High concentrations of acrylonitrile enhanced the incidence of tumors of Zymbal's gland. Pituitary adenomas commonly seen in older rats were decreased in a dose-dependent manner by acrylonitrile. Tumors in other systems, such as the central nervous system, respiratory tract, or urogenital tract, were not related to chronic acrylonitrile exposure, but papillomas of the forestomach were increased.
